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通过截留分子量为 6 000 Da 的中空纤维超滤膜组件，达到净化废水的目的。研













在所研究浓度（0-20 mg/L）范围内，反应时间为 60 min 内几乎达到平衡。②pH
值制约络合反应过程，随着 pH（2-6）值增加，金属离子的去除率呈上升趋势，
选择 pH=6 时为最佳值。③负载率 LR（g 重金属·g-1 聚电解质）越小时，聚电
解质络合位 COO-相对过剩，金属离子均被“捕获”，金属离子的去除率越高，选
择 LR=0.05 时为最佳值。④随着溶液中 NaCl 浓度的增加，金属去除率的影响较
不显著；随着(NH4)2SO4浓度的增加，NH4+与 PAASS中氧原子配位的能力较Cu2+、
Zn2+、Ni2+强，导致金属去除效率明显下降。⑤PAASS 为聚合物，可实现对混合



















Ni2+浓度可分别达到 63.7 mg/L、156.1 mg/L、184.1 mg/L，Cu2+、Zn2+、Ni2+离子


















































This research is focused on complexation-ultrafiltration technology dealing with 
waters containing Cu2+, Zn2+, Ni2+ heavy metals of low concentrations. The work used 
poly (acrylic acid) sodium salt (PAASS) as polymer, which selectively trapped Cu2+, 
Zn2+, Ni2+ metal ions, then adopted the hollow fiber ultrafiltration membrane of 6,000 
Da MWCO, finaly achieved the purpose of wastewater purification. Based on reaction 
mechanisms of polymer traping Cu2+, Zn2+, Ni2+, heavy metal ions, the effect of pH, 
loading rate and background solution on Cu2+, Zn2+, Ni2+ metal removal rate were 
investigated. Then running time of ultrafiltration membrane modules and operating 
pressure also were discussed systematically. The following process have also been 
investigated: ultrafiltration behavior of complex systems, concentration, complex 
dissociation, and the recovery of the polyelectrolyte. The main results have been 
obtained: 
1. Study on properties of ultrafiltration membrane: ①As permeation flux 
increases with increasing pressure, 0.05-0.06 MPa is the optimum operating pressure 
range. Operating pressure on the metal rejection is coefficient weak; while solution 
recovery value increase with operating pressure. ②In the continuous operation of 150 
minutes, the flow of permeate and retentate remained unchanged over time in the 
general trend, no increasing membrane fouling. ③Through ultrafiltration separation 
model and experimentally derived flux at different pressure values, ultrafiltration 
membrane permeate flux model is established, showing a good linear fit. 
2. Study on coupling process of complexation-ulartfilrtation: ①Balance time of 
polyelectrolyte complexing Cu2+, Zn2+, Ni2+ metal ions, when the loading rate is fixed, 
varies with the initial metal concentration and pH value. And the reaction kinetics can 
be well described by a pseudo-first-order equation. In the studied concentration (0-20 
mg/L) range, the reaction was almost balanced within 60 min. ②pH value restricts 
the process of complex reaction, while the pH (2-6) was increasing, the removal rate 















declining, the higher the removal rate of metal ions can be obtained. Because of the 
excess of polyelectrolyte complex sites COO- relatively, metal ions were captured. ④
With the increasing concentration of NaCl solution, the metal removal rate changed 
slightly; while (NH4)2SO4 concentration increased, metal removal rate distinctly 
decreased. The coordination capacity of NH4+ traping Oxygen atoms of PAASS is 
stronger than that of Cu2+, Zn2+, Ni2+ metal ions. ⑤It’s difficult to separate a single 
metal ion from the mixture for PAASS, because the poor selective separation 
performance of polymer. ⑥Mechanism of PAASS traping Cu2+, Zn2+, Ni2+ metal ions, 
mainly is the charge of carboxyl brought in solution and configuration affecting its 
ability to complex metal ions. 
3. Study on decomplexation of metal-polymer complexes and the recovery of the 
polyelectrolyte: ①On concentration of metal-polymer complexes, when the FVC=8.3, 
the concentration of Cu2+, Zn2+, Ni2+ in the concentrated solution could reach 63.7, 
156.1, 184.1 mg/L. ②Concentrated solution of the complex systems were adjusted 
pH value of 2.5 by H2SO4, Cu-PAASS complexes formed a stabler complex system, 
the respective metal-polymer complexes had different degrees of dissociation. ③As 
the volume of washing water increased, each metal ion concentrations of permeate 
and retentate, became smaller respectively in the process, and became similar roughly 
in the end. ④As it still remained a certain amount of Cu2+, Zn2+, Ni2+, performance of 
the recovered PAASS for complexation-ultrafiltration coupling process declined. ⑤
Comparison with traditional chemical precipitation, the complexation-ultrafiltration 
technique is a potential integrated wastewater treatment process dealing heavy metals 
of low concentration. 
The aim of this study is to assess the capability of complexation-ultrafiltration 
technology dealing with water containing low concentration of Cu2+, Zn2+, Ni2+ heavy 
metals ions primarily. This work may provides reference and guidance to the actual 
integrated wastewater treatment with low concentrations of heavy metals. 
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